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EXECUTIVE SUMMARY

The Spur Hill Underground
project targeting the unde
the Upper Hunter Valley, 

This report has been prep
groundwater assessment 
The assessment relies on 
development in terms of t
Policy and Gateway proce
consideration of the Murr
Modelling Guideline (MDB
sponsored by the Nationa

The scope of this assessm
with the NSW Office of W

A full review of the data, l
basis for model developm
on geology, rock mass hyd
geometry for the area. 

The complexity of the num
is adequate for this prelim
hydraulic properties and h
the groundwater system a

The key findings of the gro
groundwater’ are summar

Based on the findings of th
Minimal Impact Considera
associated with the Hunte

The Project falls within the
the ‘less productive’ wate
more than 2 metres (m) d
Groundwater Managemen
level triggers, and a trigge

 

Y 

d Coking Coal Project (the Project) is a coal d
erground resource within Exploration Licence
near Muswellbrook.  

ared for Spur Hill Management to provide a 
of the Project for the purposes of the Gatew
numerical modelling of potential risks of min
the New South Wales (NSW) Aquifer Interfer

ess requirements. This modelling was underta
ray-Darling Basin Commission (MDBC) Groun
BC, 2001) and the relatively new National Gu
l Water Commission (Barnett et al., 2012).  

ent has been developed based on ongoing co
ater, including a briefing and presentation on

iterature and conceptual hydrogeology was 
ment. This included review of currently availab

draulic properties, neighbouring mine workin

merical groundwater model developed as par
minary groundwater assessment by simulatin
hydraulic gradients that may be associated w
as a result of the proposed development. 

oundwater assessment with respect to ‘highl
rised in Table ES-1. 

he groundwater assessment, the Project mee
ations of the AI Policy for ‘highly productive’ 
er Alluvium.   

e Level 2 Minimal Impact Considerations of t
r source comprising a Permian fractured roc
rawdown is predicted at water supply works
nt Plan will require development to define gr

er action response plan.  

  

i

evelopment 
e (EL) 7429 in 

preliminary 
way process. 
ne 
rence (AI) 
aken in 
dwater Flow 

uidelines, 

onsultation 
n 23 May 2013. 

carried out as a 
ble information 
ngs and strata 

rt of this study 
g contrasts in 

with changes to 

ly productive 

ets the Level 1 
water 

the AI Policy for 
k aquifer as 

s.  Hence, a 
roundwater 
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Table ES-1 Summary o

Aquifer Alluvial Aquifer (Hu

Category Highly Productive 

Level 1 Minimal Impact Considerat

Water Table 

Less than or equal to a 10% cumula
water table, allowing for typical cli
plan” variations, 40 m from any:  

(a)  high priority groundwater de

(b)  high priority culturally signific

listed in the schedule of the releva

OR 

A maximum of a 2 m water table d
water supply work. 

Water pressure 

A cumulative pressure head declin
the ”post-water sharing plan” pres
of the water source to a maximum
water supply work. 

 

Water quality 

Any change in the groundwater qu
beneficial use category of the grou
40 m from the activity. 

No increase of more than 1% per a
average salinity in a highly connect
at the nearest point to the activity

No mining activity to be below the
within 200m laterally from the top
vertically beneath (or the three dim
alluvial water source - whichever is
highly connected surface water so
“reliable water supply”.  

Not more than 10% cumulatively o
extent of the alluvial material in th
excavated by mining activities bey
the top of high bank and 100m ver
connected surface water source th
water supply”. 

 

of AI Policy Assessment – Hunter Alluvium 

unter Unregulated and Alluvial Water Sources) 

tion Assessment 

ative variation in the 
matic “post-water sharing 

ependent ecosystem; or  

cant site;  

ant water sharing plan.  

decline cumulatively at any 

At the time of writing there w
Significant Sites or high priori
Dependent Ecosystems (GDEs
area listed in the relevant Wa
i.e. ‘Hunter Unregulated and 
Sources’ (version current for 8
Hence there are no known ris
development to such sites. 

No drawdown in excess of the
the Hunter Alluvium. 

Level 1 minimal impact consi
classification. 

e of not more than 40% of 
ssure head above the base 

m of a 2m decline, at any 

N/A (only unconfined conditio
aquifer). 

uality should not lower the 
undwater source beyond 

activity in long-term 
ted surface water source 
.  

e natural ground surface 
p of high bank or 100m 
mensional extent of the 
s the lesser distance) of a 
urce that is defined as a 

of the three dimensional 
his water source to be 
ond 200m laterally from 
rtically beneath a highly 
hat is defined as a “reliable 

Mining is predicted to induce 
surface water into the Hunter
will, if anything, have a benef
salinity of the alluvial aquifer.
therefore no simulated risks o
beneficial uses of the Hunter 
result of the Project. Nor is th
predicted increase in the salin
River. 

 

No proposed mining activity w
specified proximities to the H

 

No proposed excavation of al
proposed. 

Level 1 minimal impact consi
classification. 

  

ii

were no Culturally 
ty Groundwater 
s) in the study 
ater Sharing Plan, 
Alluvial Water 
8 March 2013). 
sks of mine 

e criterion within 

ideration 

ons in alluvial 

leakage of 
r Alluvium. This 
ficial impact on 
. There are 
of reduced 
Alluvium as a 

here any 
nity of the Hunter 

within these 
unter Alluvium. 

luvial material 

ideration 
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1 INTRODUCTION 

The Spur Hill Underground
project targeting the unde
Figure 1 shows the locatio
southwest of Muswellbroo
(NSW). 

Spur Hill Management Pty
venture between Spur Hil

The Project is within the U
of operating mines. Signifi
include BHP Billiton's Mt A
South Project (proposed), 

Exploration activities and 
2012. 

The NSW State governme
applies to State Significant
(Figure 2), as defined in St

The Gateway process will 
resources by the Minister 
Independent Expert Scien
the "minimal impact cons
Policy (2012). 

The AI Policy requires esti
from any water source du
predicted impacts associa
"simple modelling platform
where the model makes u
at an appropriate frequen

This report documents a p
purposes of the Gateway 
potential risks of mine dev
requirements. 

 

 

d Coking Coal Project (the Project) is a coal d
erground resource within Exploration Licence
on of the Project. EL7429 is located east of De
ok in the Upper Hunter Valley region of New

y Ltd (SHM) manages the Project on behalf of
l U.T. Pty Ltd and Spur Hill No. 2 Pty Limited. 

Upper Hunter Valley coal corridor which cont
icant coal operators in close proximity to the
Arthur North mine, Anglo Coal's Drayton Min
 and Glencore's Mangoola Mine. 

environmental studies for the Project comm

nt recently introduced the ‘Gateway process
t Development located on strategic agricultu
trategic Regional Land Use Plans (SRLUPs).  

include an assessment of potential impacts o
for Primary Industries and the Commonwea
tific Committee (IESC). The State assessment
iderations" prescribed in NSW’s Aquifer Inte

mation of "all quantities of water that are lik
ring and following cessation of the activity a
ted with that activity...". The estimation is to
m" that the Minister determines to be "fit-fo

use of the "available baseline data that has be
ncy and scale". 

preliminary groundwater assessment of the P
process. The assessment relies on numerical
velopment in terms of the AI Policy and Gate

 

  

1 

evelopment 
e (EL) 7429.  
enman and 

w South Wales 

f the joint 
  

tains a number 
e Project 
ne and Drayton 

enced in early 

s’. This process 
ural land (SAL) 

on water 
lth 
t will focus on 
rference (AI) 

kely to be taken 
nd all 

o be based on a 
or-purpose", 
een collected 

Project for the 
 modelling of 

eway process 
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1.1 SCOPE OF WORK 

The key tasks for this asse

 Data analysis and c
assessment of hyd
groundwater recha

 Development of a 
groundwater flow 
development; 

 Steady-state mode
only a single param

 Transient model ve
data; 

 Transient predictio
resolution of the e
simulation of the p

 Preparation of this
in the Gateway Ap
groundwater impa
existing and appro

This assessment focuses o
requirements outlined in T

The scope has been devel
of Water (NOW).  HydroSi
discussion of: 

 Groundwater mon

 Conceptualisation 

 Proposed modellin

 

 

essment are: 

conceptualisation of the groundwater system
rostratigraphic units (HSUs) and their proper
arge and discharge through the flow systems

simple regional-scale 3-dimensional numeric
model based on data analysis and conceptua

el calibration to observed groundwater level 
meter zone for each hydrostratigraphic unit; 

erification against observed groundwater lev

on for the mine plan conducted with coarse t
extraction schedule, followed by a minimum 
post-mining recovery period; and 

s Preliminary Groundwater Assessment repo
plication documents that includes assessme

acts of the Project and cumulative impacts wi
oved mines in the area associated with the de

on the criteria specified by the AI Policy and t
Table 1. 

oped based on ongoing consultation with th
imulations presented to NOW on 23 May 201

nitoring network; 

of the hydrogeological system; and 

ng approach for the Gateway Process. 

 

  

2 

m, including 
rties, and 
s; 

cal 
al model 

data, using 

vel fluctuation 

temporal 
100 year 

rt for inclusion 
nt of potential 
ith other 
evelopment.  

the 

e NSW Office 
13, including 
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Table 1 Gateway P

R

Estimates of all quantities of wa
water source on an annual basis
activity; 

A strategy for obtaining appropr
predicted annual take; 

Establishment of baseline groun
depth, quality and flow based o
potentially affected by the activ
new monitoring bores that may
under the Mining Act 1992 or th

A strategy for complying with an
categories of water access licen
plans; 

Estimates of potential water qua
on nearby water users who are 
a basic landholder right; 

Estimates of potential water lev
on nearby licensed water users 
water sources; 

Estimates of potential water lev
on groundwater dependent eco

Estimates of potential for increa
to aquifers and highly connected

Estimates of the potential to cau
between aquifers; 

Estimates of the potential for riv
or failure to occur; 

Outline of the method for dispo
coal seam gas activities). 

Assess the project against the cr
Impact Considerations for Aquif
Interference Policy. 

 

 

 

rocess Requirements 

equirement Sect

ater that are likely to be taken from any 
s during and following cessation of the 

riate water licence/s for maximum 

ndwater conditions including groundwater 
n sampling of all existing bores in the area 

vity, any existing monitoring bores and any 
 be required under an authorization 

he Petroleum (Onshore) Act 1991; 

ny water access rules applying to relevant 
ces, as specified in relevant water sharing 

ality, level, or pressure drawdown impacts 
exercising their right to take water under 

vel, quality or pressure drawdown impacts 
in connected groundwater and surface 

vel, quality or pressure drawdown impacts 
osystems; 

ased saline or contaminated water inflows 
d river systems; 

use or enhance hydraulic connection 
Secti

ver bank instability, or high wall instability 
No

osing of extracted water (in the case of 
No

riteria specified in ‘Table 1 – Minimal 
fer Interference Activities’ in the Aquifer S

 

  

3 

tion Reference 

Section 5.3 

Section 7 

Section 2 

Section 7 

Section 5.7 

Section 5.7 

Section 5.4 

Section 5.8 

ions 3.5 and 5.6 

ot Applicable 

ot Applicable 

Section 5.10 
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1.2 PROPOSED MINE DE

The Project is a proposed 
approximately 25 years, in
would be mined by the lon
Coal Measures. The three 
Warkworth Seams. 

Expected coal output is ab
life of the mine. Maximum
(Mtpa). 

1.3  WATER REGULATIO

The NOW implements wat
2000, a primary objective 
resources, balancing envir

The NOW is in the process
State, which establish rule
water between competing

The relevant WSPs for the
Unregulated and Alluvial W
Hunter Regulated Water S
hard rock (porous rock) aq
Act 1912 as a relevant WS

The NSW AI Policy is desig
of the taking of water und
Policy divides groundwate
categories based on salini

The two water sources ide
are: 

 The ‘highly produc
(Figure 4); and 

 The ‘less productiv
Extraction Manage
Zones). 

 

 

EVELOPMENT 

underground coal mining operation with a m
ncluding construction, development and ope
ngwall method from a number of seams in th
target coal seams are the Whynot, Bowfield

bout 154 million tonnes of run of mine (ROM
m yearly production may reach 8 million tonn

ON 

ter regulation according to the Water Manag
of which is sustainable management and use

ronmental, social and economic consideratio

s of developing Water Sharing Plans (WSPs) t
es for sharing and trading both groundwater 
g needs and users.  

e Project are the Water Sharing Plan for the H
Water Sources 2009 and the Water Sharing P
Source 2003 (Figure 3), which have been com
quifers in the Project area are regulated unde
SP has not yet commenced. 

gned to provide a framework for the assessm
der a proposed development, such as the Pro
er sources into “highly productive” and “less 
ty and aquifer yield. 

entified by the WSP that are directly relevant

ctive’ Hunter Regulated River Alluvial Water S

ve’ Permian (Sydney Basin) porous rock aquif
ement Unit (EMU) / Jerrys and Muswellbrook

 

  

4 

mine life of 
eration. Coal 
he Wittingham 
, and 

M) coal over the 
nes per annum 

gement Act 
e of water 

ons.  

throughout the 
and surface 

Hunter 
Plan for the 

mpleted.  The 
er the Water 

ment of impacts 
oject. The AI 
productive” 

t to the Project 

Source 

fer (Hunter 
k Management 
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The AI Policy also specifies
productive and less produ
and groundwater pressure
water quality. Different m
productive and less produ

 Water supply work

 Listed Groundwate

 Culturally significa

1.4 APPROACH TO THE 

Under the Gateway proce
impacts during and follow
modelling platform" that t
appropriate baseline data

It is clear from the AI Polic
That is to say, the level of 
likelihood of impacts and t
considerations that affect 

 The preliminary gr
information usuall
water hydrology, g

 Often the available
calibration would b

 There is a limited 7
who must obtain t
IESC within that pe

 There is to be no p

In combination, the above
inappropriate to offer the
in an Environmental Impa
preliminary groundwater 

 

 

s ‘minimal impact considerations’ for both hi
uctive aquifers; these comprise thresholds fo
e drawdown, and changes in groundwater an

minimal impact considerations are specified fo
uctive groundwater for: 

ks; 

er Dependent Ecosystems (GDEs); and 

nt sites. 

GATEWAY PROCESS 

ss, the AI Policy requires estimation of all wa
wing cessation of the proposed activity based 

the Minister determines to be "fit-for-purpos
. 

cy that a risk management approach should b
effort in the assessment should be proportio
the potential consequences of those impacts
the level of effort are: 

roundwater assessment will not have the ben
y provided by associated disciplines (especia

geochemistry and ecology studies); 

e data for hydrogeological conceptualisation 
be limited; 

70-90 day window for assessment by the Gat
he advice of the Minister for Primary Industr

eriod of time; and 

public consultation or exhibition of submitted

e constraints lead to the conclusion that it wo
 same level of detail and effort that is norma
ct Statement (EIS). Our approach to the mod
assessment for the Gateway Process is outlin

 

  

5 

ighly 
r watertable 
nd surface 
or highly 

ater takes and 
on a "simple 

se", based on 
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Table 2 Gateway P
Approach 

Model Feature 

Spatial Scale 

Temporal Scale 

Model Extent 

Stratigraphy 

Spatial Parameter Variab

Steady-State Calibrati

Transient Calibration

Prediction Period 

Representation of Fracture

Tracking of First Worki

Sensitivity Analysis 

Uncertainty Analysis

Recovery Analysis 

Cumulative Assessme

Mitigation Measures

Monitoring Program

Outputs 

Licensing Volumes 

Software 

Report 

 

 

 

rocess Preliminary Groundwater Assessmen

Approach 

Coarse 

Coarse 

30 km x 35 km 

10 Layers 

bility No 

on Yes 

n No (verification only

22 years (plus recovery p

ed Zone Yes 

ngs No 

Limited 

s Extensive 

Yes 

ent Law of Superpositio

s If required 

m Yes 

Focused on AI Policy

Indicative 

MODFLOW-SURFAC

Condensed 
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2 HYDROGEOLOGIC

This section provides a sum
this project by Coffey (201
Coffey (2013) has been inc
adopted by HydroSimulat

2.1 TOPOGRAPHY 

The Project underground 
approximately 100-150 m
drainage lines, and rises u
(Figure 1). Topography is m
south of the Project area, 

2.2 RAINFALL 

Rainfall data were obtaine
stations surrounding the P
calculated by the BoM, ha
regional area.   These stat
average 85 years per stati
in Figure 5.  Median annua
higher elevations to less t
topographically controlled
elevation.  At EL7429 the 
station to EL7429 is 61016

A rainfall gauge has been 
The gauge reads hourly ra
record is too short for stat
there is a good correlation
Denman (Station 61016). 

The normalised cumulativ
presented in Figure 6. The
Upper Hunter Valley comp
1900 and 1950, followed b
rainfall. Comparison with 
half of the 20th century wa
Upper Hunter Valley than 

 

 

CAL SETTING AND CONCEPTUALISATIO

mmary of the Project area hydrogeology, as 
13). Some expansion upon and alteration of t
cluded here. The conceptual hydrogeologica
ions is also outlined below. 

mining area and surrounds generally undulat
etres (m) Australian Height Datum (AHD) alo
p to approximately 400 mAHD on hills and ri
more elevated and variable (more sharply inc
ranging up to nearly 700 mAHD. 

ed for 12 Australian Bureau of Meteorology (
Project. The Decile 5 annual rainfall at each s
as been used to develop a contour plot of rai
ions have a minimum period of record of 41 
on.  Table 3 lists station information.  Contou
al rainfall ranges from more than 720 millime
han 580 mm in the valley, east of EL7429.  Ra
d, but the variation is small compared to the 
median annual rainfall is about 600 mm.  The
6 (Denman, Palace Street), with 130 years of 

recently installed in the Project area by the p
ainfall and other weather parameters, howev
tistical analysis. Analysis by Coffey (2013) sug
n between rainfall on the lease with that reco

ve departure from mean rainfall trend for De
ese data show that the long-term trend in rai
prises a long period of lower than average ra
by a period of average to moderately higher-
coastal and inland NSW in Figure 6 shows th
as characterised by a more modest rise in rai
was experienced in other parts of NSW. 

 

  

11 

ON 

initiated for 
the work of 
l model 

tes between 
ong the major 
idges 
cised) to the 

(BoM) weather 
tation, as 
nfall in the 
years, but 

urs are shown 
etres (mm) at 
ainfall is 
change in 

e closest 
data coverage.  

proponent.  
ver its period of 
ggests that 
orded at 

nman is 
nfall in the 
infall between 

-than-average 
at the latter 
infall in the 
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Table 3 Median an
stations in 

Station Name 

Aberdeen (Main Rd) 

Denman (Palace St) 

Muswellbrook (Edderton) 

Muswellbrook (Lower Hill St) 

Aberdeen (Rossgole) 

Jerrys Plains Post Office 

Doyles Creek (Wood Park) 

Muswellbrook (Lindisfarne) 

Muswellbrook (Spring Creek, 
Castle Vale) 

Baerami Creek (Bronwyn Park) 

Sandy Hollow (Goulburn Drive)

Gungal (Merryfields) 

MGA – Map Grid of Australia 1994
 

2.3 EVAPORATION 

The closest climate station
pan evaporation data are 
elevation 216 mAHD, with
Dam (Station 61288, 68 km
between 1969 and 2013). 

Table 4 lists the average m
Decile 5 rainfall for Denma
the annual values are not 

Both rainfall and evaporat
January and December, w
for all months of the year 
Pan evaporation is about t
months and about two tim
arid climate. 

 

 

nual rainfall at 12 Australian Bureau of Met
the regional area. 

Station 
Number 

Median 
Annual 

Rainfall (mm) 

Easting 
(mMGA) 

North
(mMG

61000 604 301114 64392

61016 598 282576 64141

61018 566 296216 64131

61053 612 300747 64286

61065 731 285747 64417

61086 644 303577 64025

61130 653 293037 64007

61168 608 288671 64224

61192 658 286663 64341

61204 698 260356 63973

 61235 610 270765 64197

61324 649 265685 64296

4. 

ns within 100 km of the site with reasonable 
Scone SCS (Station 61089, 28 km to the nort

h 43 years of data between 1965 and 2013) a
m to the east, elevation 200 mAHD, with 40 y

monthly pan evaporation for the sites, and th
an (Station 61016) over the period 1863 to 2
the same as the sum of the monthly values).

tion follow a simple sinusoidal trend which is
with virtually no lag between trends.  A rainfa

(for median rainfall), using either evaporatio
three times greater than rainfall during the s

mes greater during the winter months, indica

  

12 

teorology 

hing 
GA) 

Elevation 
(mAHD) 

270 183 

151 105 

161 168 

659 143 

764 543 

525 90 

749 105 

468 160 

129 259 

323 205 

791 137 

682 182 

amounts of 
theast, 
and Lostock 
years of data 

he monthly 
2013 (note that 
. 

s a maximum in 
ll deficit occurs 

on station data.  
summer 
ating a semi-
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Table 4 Average pa

Month 

Median Mo
Rainfall at D

(Station 61
(mm)

January 61 

February 47 

March 37 

April 31 

May 27 

June 32 

July 30 

August 27 

September 32 

October 40 

November 50 

December 57 

ANNUAL 598 

Number of 
Years 

130* 

Start Year 1883

End Year 2013

Elevation 
(mAHD) 

105 

Note: Annual values are not the sa
* Years open. 
 

The annual average Area A
approximately 650 mm at
as that evapotranspiration
water supply, from an are
transitions are negligible a

 

 

 

an evaporation and median rainfall 

onthly 
Denman 
1016) 
) 

Average Monthly Pan Evaporation (mm) 
Scone SCS 

(Station 61089) 
Lostock Dam 

(Station 61288) 

220 189 

175 144 

155 127 

105 99 

68 78 

48 66 

56 78 

84 109 

117 141 

155 167 

183 174 

220 208 

1607 1571 

43 40 

 1965 1970 

 2013 2013 

216 200 

ame as the sum of the monthly values. 

Actual Evapotranspiration shown on BoM ma
t Spur Hill.  The BoM defines Area Actual Evap
n that actually takes place, under the conditio
a so large that the effects of any upwind bou

and local variations are integrated to an area

 

  

13 

apping is 
potranspiration 
on of existing 
undary 
al average. 
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2.4 SURFACE DRAINAGE

The area is drained by the
to southwest in the vicinit
EL7429 (Figure 1). The Go
with the Hunter River bein
drains the area to the east
the southeastern lease co

The nearest stream flow g
stations are shown in Figu
for the Hunter River gauge
broadly similar between M
lower flows (and higher at

Table 5 Stream Flo

Gauge Number 210002

Gauge Name 

Hunter
at 
Muswe
Bridge 

Catchment Area 
(km2) 

4220 

Easting (MGA) 301170

Northing (MGA) 642917

Distance from site 
centre 

22 km 
northe

Average Flow (1970 
to 2010) (ML/day) 

769 

Zero gauge elevation 
(mAHD) 

136.25

Average river stage 
(1970 to 2010) (m) 

0.98 

Average river stage 
elevation (1970 to 
2010) (mAHD) 

137.23

^ For the period 25/01/1956 to 31/
km2 – square kilometres. 
ML/day – megalitres per day. 
 

 

E 

e Hunter River, which is perennial and flows f
ty of the Project before swinging eastward to
ulburn River is the largest tributary, with its c
ng west of EL7429. Saddlers Creek is a small t
t of EL7429, its confluence with the Hunter R
rner.  

gauging stations to the site are listed in Table
ure 7. Stream flow exceedance statistics for t
es are presented in Figure 8. This shows that

Muswellbrook and Denman, but are generally
t higher flows) downstream at Liddell.  

w Gauging Stations 

2 210055 210083 210031 

r River 

ellbrook 
Hunter River 
at Denman 

Hunter River 
at Liddell 

Goulburn
River at 
Sandy 
Hollow 

4530 13400 6810 

0 284705 304905 271713 

72 6415039 6403439 6418714 

ast 
4 km 
northwest 

19 km 
southeast 

18 km 
northwes

710 1132 408 

 102.99 60.96 113.45 

0.54 5.37 1.52 

 103.53 66.33 115.00 

/10/1981. 

 

  

14 

from northeast 
o the south of 
confluence 
tributary that 

River being at 

e 5 and current 
he 1993 period 
 flows are 
y lower at 

210043 

n 
Saddlers 
Creek at 
Bowfield 

78 

292813 

6410996 

st 
5 km east  

3.2^ 

- 

- 

- 
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2.5 GEOLOGY 

The site is located in the H
geology comprises interbe
Wittingham Coal Measure
Figure 9 and the stratigrap
in this area are overlain by
but which are now classifi
intrusions have been iden
geophysical surveys. 

Apart from the coal measu
the reach of the Hunter Ri
unconsolidated sediments
thickness may reach up to
Natural Resource Solution

The dominant known geo
on the edges.  The north-t
Measures to the west from
Figure 9).  The strata to th
and dip to the northwest 
vertical on a cross section
understood that the SHM 
monocline with some asso
information), with continu
throw of the seams. 

Proposed mining operatio
(primarily the Whynot and
top of the Jerrys Plains Su

2.6 GROUNDWATER FLO

There are two major HSUs

 Hunter Alluvium. A
comprises silt unde
the Hunter River ch
productive ground

 Sydney Basin Perm
of low resource po
fracture networks 
and Wittingham Co
siltstone, and coal 
the more permeab
resistors to ground

 

Hunter Coalfield of NSW, a region of the Sydn
edded sandstones, siltstones, and coal seams
es and Newcastle Coal Measures.  The geolog
phy is shown in Figure 10.  The Wittingham C
y what were once known as the Wollombi Co
ed as the Newcastle Coal Measures.  Sill and
tified from surface mapping, explorative dril

ures, significant tracts of alluvium are presen
iver in this area.  The alluvium consists of fine
s overlying medium to coarse gravels at the b

o 30 m or more, near the river channel (Envir
ns, 2012; Groundwater Imaging, 2012; Coffey

logical structure is the Denman Anticline wit
trending Mount Ogilvie Fault separates the N
m the older Wittingham Coal Measures to th
he west of the fault are downthrown by more
by 2 to 5 degrees.  The fault plane appears to
 of the Hunter Coalfield 1:100,000 Geology M
site geologists regard the Mount Ogilvie Fau

ociated faulting (an interpretation supported
uity of the coal seams rather than a major tru

ons target the Whynot, Bowfield, and Warkw
d the Warkworth Seams). These seams occur
bgroup in the Wittingham Coal Measures. 

OW SYSTEMS 

s within the study area:  

An alluvial aquifer associated with the Hunter
erlain by gravel, reaching a thickness of 30 m
hannel. The Hunter Alluvium is classified as a

dwater source; and  

mian rock units, classified by NOW as a porou
otential. It should be noted however that flow
also occurs. This aquifer is associated with th
oal Measures, which comprise interlayered s
seams to significant depth. The coal seams t

ble sub-units, whilst the interbeds form lowe
dwater flow. 
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ney Basin.  The 
s of the 
gy is shown in 
Coal measures 
oal Measures 
 dyke 
ling and aerial 

nt over most of 
e-grained 
base.  Alluvial 
ronment and 
y, 2013). 

h fault zones 
Newcastle Coal 

e east (see 
e than 100 m, 
o be almost 
Map.  It is 
ult as a 
d by seismic 
uncation and 

worth Seams 
r towards the 

r River. It 
m or more near 
a highly 

s rock aquifer 
w through 
he Newcastle 
sandstone, 
typically form 
r permeability 
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Groundwater is likely to fl
rates are likely limited by 
the two units; i.e. the maj
to have been derived from
alluvials, and is likely to pr
Groundwater flows throug
creeks and evapotranspira
permeable Hunter Alluviu

Coffey (2013) generated p
Arrowfield Seams in EL742
divide around bore SHD01
the north-northwest and s
controlled by the primary 
alluvium, which wraps aro
the western boundary, be

Harrison (1946) provides a
surrounding the site (Figu
river from the north to the
contours around the Hunt
that the river acts as a sou
unlikely to have changed s
river and its surrounding i
control on groundwater re
directions and heads.  

Coffey (2013) also generat
EL7429 using vibrating wir
Hydraulic heads are chara
suggesting little impact fro
(Mangoola/Anvil Hill and M
and/or alluvium, even from
hydraulic gradients and th
groundwater flux is likely t
change significantly with m

2.6.1 Groundwater Use 

Figure 7 shows the ground
595 registered groundwat
18 bores that were survey
the Project bore census ar
in the area is clearly from 
exist in the Permian porou
water quality. 

 

ow between these two HSUs, although inter
the strongly contrasting permeability differe
ority of groundwater flowing through the all

m rainfall recharge and river leakage directly 
rimarily discharge out of the alluvium directly
gh the porous rock aquifer, and discharges v
ation, at significantly slower rates than in the
m. 

potentiometric surface mapping for the Glen 
29 (Figure 11). Both of these indicate a poten
10, to the north and south of which groundw
south-southeast respectively. This regime ap
discharge boundary of the Hunter River and

ound the northwestern lease boundary, sout
efore swinging eastward along the southern b

an early interpolated watertable for the Hun
re 12).  Alluvial groundwater flows along the
e southeast. In most cases, inflection of the p
ter River in Figure 12 (indicating a convex sur
urce of water to the alluvium. The potentiom
significantly since that time, due to the prese
ncised land surface, which no doubt form th
echarge and/or discharge, and hence on grou

ted a hydraulic head cross section for Januar
re piezometer data collected for the Project 
cterised by small horizontal and vertical grad
om mining operations to the north and north
Mount Arthur mines).  Discharge is to the Hu
m depths as great as 400 m. Given the small 

he likely vertical anisotropy of the Coal Meas
to be predominantly in the lateral direction, 
mining in the areas of strata above active min

dwater bores registered on NOW’s database
ter bores within the Project area and surroun
yed by Groundwater Exploration Services (GE
re also shown in Figure 7. Most of the ground
the Hunter Alluvium. Comparatively few reg

us rock aquifer, likely due to its lower yield an
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r-aquifer flow 
nces between 
uvium is likely 
into the 
y. 
ia the alluvium, 

e far more 

Munro and 
ntiometric 

water flows to 
ppears to be 
/or its 
hward along 
boundary. 

ter alluvium 
e line of the 
potentiometric 
rface) suggests 

metric surface is 
ence of the 
e primary 
undwater flow 

ry 2013 across 
(see Figure 13).  
dients, 
heast 
unter River 

vertical 
ures, 
but this will 

ning. 

. There are 
nds. The 
ES) (2013) for 
dwater usage 

gistered bores 
nd poorer 
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2.6.2 Groundwater Qualit

Groundwater quality data
(EC), are summarised in Fi
reports for surrounding m
2007; Australasian Ground
2013). The data suggest th
more saline than that in th
Coffey (2013; 4900-6490 m
with the ranges shown in 

Groundwater EC data colle
an average Hunter Alluviu
11 samples), and 4570 uS/
based on 3 samples). This 
surrounding mines’ report
either from smaller stream
colluvials located further f
bore census. A general pa
River was observed during
2013). This suggests that t
Hunter Alluvium, particula

Kellett et al. (1989) used g
groundwater in the Upper
groundwater in the Permi
with further solute input f
found that porous rock gr
it mixes with water derive
derived salts accumulate i
around the margins of the

Kellett et al. (1989) also co
porous rock unit (Wittingh
Alcheringa (immediately s
printed the geochemical s
within alluvial groundwate

 The vertical perme
the alluvium at thi

 There is a groundw
candidate being ev
be generating a bu
groundwater disch

 

ty 

 for the study area, in the form of electrical c
igure 14. These data were sourced from pub

mines (Mackie Environmental Research [MER]
dwater and Environmental Consultants [AGE
hat groundwater in the Permian coal measur
he alluvium. EC data for the Hunter Alluvium
microSiemens per centimetre [uS/cm]) are in
Figure 14.  

ected for this Project’s bore census (GES, 201
um EC of 1187 uS/cm on the floodplain (base
/cm on the colluvial slopes (i.e. more distal to
suggests that the higher “alluvial” EC data fr

ts summarised in Figure 14 are likely domina
ms’ alluvial deposits, and/or from the alluvial
from the Hunter River than those collected fo
ttern of freshening EC in the alluvium toward
g the bore census (pers. comm. Andrew Fulto
the Hunter River is a significant source of wat
arly in the alluvial deposits nearest the river. 

geochemical analysis to investigate the origin
r Hunter Valley. They found that the high sali
an porous rock unit is of connate (Permian m

from the oxidation of sulphides in coal seams
oundwater discharges up into the Hunter All

ed from leakage from the Hunter River, and t
in the groundwater sinks (i.e. due to evapotr
e Hunter Alluvium.  

oncluded that groundwater discharge up from
ham Coal Measures) around the Mt Ogilvie F
south of EL7429; Figure 9) is strong enough to
signature of the Hunter River as the dominan
er at this location. This suggests that: 

eability of the fault is higher than the lateral p
s location; and/or 

water sink in the Hunter Alluvium at this locat
vapotranspiration of shallow groundwater. T
uild-up of salts derived from Wittingham Coa
harging upwards into the alluvials via the Mt 
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conductivity 
licly available 
], 2006; MER, 
], 2012; AGE, 

res is generally 
 reported by 

n agreement 

13) indicates 
d on 
o the river; 
rom 
ated by samples 

s and/or 
or this Project’s 
ds the Hunter 
on (GES), May 
ter to the 

ns of solutes in 
inity of 

marine) origin, 
s. They also 
luvium, where 
hat the rock-

ranspiration) 

m the Permian 
ault at 
o have over-

nt water source 

permeability of 

tion, the likely 
his sink could 
l Measures 
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The authors also noted str
Coal Measures at the nort
extent of the Project area

2.6.3 Hydraulic Propertie

Figure 7 shows the locatio
testing sites, collected and
GES (2013). Coffey (2013) 
and porosity data, which a

Hydraulic Conductivity (K

Alluvial hydraulic conduct
pumping tests conducted 
indicate lateral conductivi

The currently available hy
Figure 15 shows that there
permeabilities compared t
uncommon and is expecte
permeability whilst the co
permeability.  

The core data set provides
Horizontal conductivity fro
1E-3 m/day for the interbu
seams. There is a broad tr
overlying strata observed 
Project packer test data. 

Vertical hydraulic conduct
7 m/day to 3E-5 m/day. O
range from 3 to 56 with a 
horizontal conductivity div

The largest mapped geolo
not considered a major hy
local scale geological mod
geologists. The geologists’
“roll over” the structure, r
exploration core inspectio
fracturing around the Mt O

 

 

rong upwelling of saline groundwater from t
thern end of the Mt Ogilvie Fault (beyond the
). 

s 

ons of drill core sampling and testing sites, an
d conducted for the Project. These analyses a
presented and analysed a range of hydraulic

are summarised and expanded upon here. 

K) 

ivity has not been measured at the site, how
at other mines along similar reaches of the H
ties ranging between 5 and 320 m/day withi

draulic conductivity data are summarised in 
e is a large downward shift in measured hori
to the values derived from packer tests. This
ed because packer tests measure the (local-s
ore data measure the host rock mass (unfract

s a useful lower bound on hydraulic conduct
om the Project investigations ranges from 2E
urden, and from 1E-4 m/day to 0.02 m/day f
rend of decreasing matrix permeability with d
in the core data, although little observable t

tivity of the rock matrix based on core data r
Observed horizontal to vertical hydraulic cond

median of 11, defined using the arithmetic m
vided by the harmonic mean vertical hydraul

ogical structure in the Project area, the Mt Og
ydraulic barrier or conduit to groundwater flo
delling and interpretation of exploration data
’ interpretation for the lease area is that the 
rather than have become displaced by it. How
on suggests localised areas of slightly greater 
Ogilvie structure. 
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he Wittingham 
e northern 

nd packer 
are detailed by 
c conductivity 

wever long-term 
Hunter River 
n the gravels. 

Figure 15. 
zontal core 
 is not 
cale) fracture 
tured) 

ivity. 
E-7 m/day to 
for the coal 
depth of 
rend in the 

anges from 1E-
ductivity ratios 
mean 
lic conductivity. 

gilvie fault, is 
ow, based on 
 by site 
coal measures 

wever, 
vertical 
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Dykes present within the c
conductivity along their up
thought to be limited to a
main dyke rock mass appe
consideration of the locali
warranted in the Project m

Specific Yield (Sy) 

Specific yield (together wi
depth. Specific yields for S
due to longwall subsidenc
Alluvium is expected to po

Specific Storage (Ss) 

Direct testing data are not
or interburden. The specif
west of Sydney has been e
upper zones where fractu
tests in Hawkesbury Sands
indicated an average spec
surface and 300 m. 

Assuming that the total pr
between 10% at the surfa
incompressible, then the s
the surface to 2.3E-7 m-1 a
depth variability; see for e
possible at shallower dept
deeper depths. 

Good estimates of specific
porosity. For coal, Ss gene
is generally slightly higher
Surrounding mines’ mode
order of 1E-4 m-1 for the c
1E-6 m-1 for interburden (
this study were generally 
1E-7 m-1 for underburden

 

 

coal measures are thought to locally enhance
pper and lower altered and fractured margin
 very local scale effect, based on core data in

ears to be highly impermeable, and hence fu
ised high permeability around the dyke marg
modelling. 

th porosity and specific storage) usually decr
Sydney Basin sedimentary strata in the conte
ce generally vary between 0.005 and 0.01. Th
ossess a specific yield in the range of 0.05 – 0

t generally available for specific storage (Ss) o
fic storage of Hawkesbury Sandstone in the B
estimated to be about 1E-6 m-1 (Kelly et al., 2
re flow is dominant.  Results of long duration
stone in western Sydney (Tammetta and Haw

cific storage of 1.5E-6 m-1 for depths between

rimary and secondary porosity that allows flu
ce and 5% at depth, and assuming that the a
specific storage minima could range between
at depth (field measurements of specific stor
example Heywood, 1997).  Greater aquifer co
ths, where flow through defects predominat

c storage can also be made based on Young’s
erally lies in the range 5E-6 m-1 to 5E-5 m-1, an
r than this due to the greater porosity (Macki
el calibration parameterisations suggest that 
coal seams (slightly higher than Mackie’s esti
slightly lower than Mackie’s estimates). The 
2E-4 m-1 for the coal seams, 1E-6 m-1 for inte
. 
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2005) in the 
n pumping 
wkes, 2009) 
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2.6.4 Groundwater-Surfac

Figure 16 displays the gau
Muswellbrook and Denma
this reach (averaging arou
and to a small degree Feb
and are no doubt in part r
(approximately 2ML/day; 
down into the underlying 
and more consistent losse
estimated flow losses are 
from several ungauged tri
groundwater extractions f
Muswellbrook and Denma
usage impacts on stream f
analysis. 

Figure 17 presents similar
Muswellbrook and Liddell
the Muswellbrook to Den
tributaries and their large
accounted for. Regardless
time, the Hunter River los
alluvium along this reach. 

Hydrometric analysis of gr
using groundwater levels 
at the Denman gauge (#21
the analysis is presented i
approximately 2 m or mor
downward potential for ri
location. The comparison 
Hunter River EC also sugge
Hunter Alluvium at this loc
other studies (Kellett et al
above, that the Hunter Riv

It should be noted that th
and subjective estimate of
Muswellbrook because th
Liddell, are primarily deriv
via the analyses shown in 
which strongly suggest ne
Muswellbrook and Liddell

 

ce Water Interaction 

ged monthly flow loss and gain statistics bet
an. This shows that the river generally loses w
und 31 ML/day), with the exception of June t
ruary. The largest losses occur over spring th

related to surface water diversions for agricu
Coffey, 2013), but also imply that the river lo
Hunter Alluvium, given the very small rare ga

es. This inference is strengthened by the fact 
underestimates due to a lack of accounting f
butaries along this reach. There are no licens
from the alluvium along the Hunter River bet
an (Coffey, 2013), and hence unaccounted fo
flows are not expected to compromise this w

 monthly statistics for the Hunter River betw
. The uncertainties of this analysis are larger 
man analysis, given the greater number of un
r catchment areas, inflows from which have 

s, these data also suggest that on average, fo
es significant volumes of water into the unde

roundwater-surface water interaction was un
in NOW bore GW080077 and Hunter River st
10055). The location of these sites is shown i
n Figure 18. River water levels are consistent
re higher than adjacent groundwater levels, i
ver water to migrate into the Hunter Alluviu
of alluvial and Permian rock groundwater EC
ests that the river is the dominant source of 
cation. This analysis strongly supports the co
l., 1989), and of the reach-scale mass balance
ver is a losing stream in the Project area. 

e baseflow analyses of Coffey (2013) provide
f baseflow, primarily along the Hunter River 
e majority of gauged flows, even as far down

ved from this up-catchment area. This is clea
Figure 8, Figure 16 and Figure 17 and discuss
t losing conditions along the Hunter River be
 (i.e. the area of interest to the Project). 
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2.7 CONCEPTUAL HYDR

2.7.1 Recharge 

Recharge to the Hunter Al
Hunter River into the alluv
alluvials. Hydrograph fluct
maximum recharge rates t
typically around 30 mm/y
watertable fluctuations of
also occurs from the unde
indicated by EC data and o
1989). The dominant alluv
Hunter River. 

Recharge to the Permian p
alluvials because of its inh
to its significantly lower hy
of the porous rock aquifer
The vibrating wire piezom
bores) shows no observab
recharge to the porous ro
5 mm/year. 

2.7.2 Discharge 

Discharge from the Permia
(see the discussion at the 
from shallow groundwate
Discharge from the Hunte
evapotranspiration from s

Current hydraulic heads in
gradients. Drawdown from
appear to have significant
vertical gradients will be c
become a significant disch

2.7.3 Hydraulic Propertie

Hydraulic conductivity me
measurements may be reg
Hunter Valley.  If so, hydra
decrease with depth. 

 

 

ROGEOLOGICAL MODEL 

lluvium is predominantly derived from leakag
vials, and from rainfall recharge and irrigatio
tuation analysis of NOW bore GW080077 sug
to the alluvium of approximately 100 mm/ye
ear, assuming a specific yield of 0.1 and max
f 1 m / 0.3 m, respectively. Some recharge to
erlying and adjacent Permian porous rock aqu
other geochemical data (see Section 2.6.2 an
vial aquifer recharge source is however leaka

porous rock aquifer is significantly lower than
herently lower capacity to receive and transm
ydraulic conductivity and storage properties
r compared to that of the alluvials supports t

meter data (presented in Attachment C; see “S
ble response to seasonal recharge events. He
ck is expected to be close to zero – probably

an porous rock aquifer is primarily to the Hu
beginning of Section 2.6), but also to evapot
r in lower lying areas where the porous rock 

er Alluvium is primarily via groundwater usag
shallow watertable areas. 

n the coal measures show minimal vertical or
m neighbouring mines to the north and east d
tly impacted the site.  With Project mining, si
created, and groundwater discharge into the 
harge component of the water balance. 

s 

easurements from the site indicate that the s
garded as part of the population of measure
aulic conductivity in undisturbed coal measu

 

  

21 

ge from the 
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mit water due 
. The higher EC 
this conclusion. 
SH” series 

ence seasonal 
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nter Alluvium 
transpiration 
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Gravels at the base of the 
lateral conductivity. The v
not considered a crucial p
alluvium – the reason bein
this area for mining activit
appreciably affect the tim
the flow system. 

The Mt Ogilvie structure is
flow, based upon the site 
feature, rather than a faul
displaced and truncated. T
for vertical groundwater f
surface (see Kellett et al., 

2.7.4 Impact of Mining on

The impact of mining on t
on experience of monitori
locations, combined with 
on aquifer materials. 

It is generally accepted in 
zones (Figure 19) usually d

 the caved zone; 

 the fractured zone

 a lower zon

 an upper zo

 the constrained zo

 the surface zone. 

The rocks in the connectiv
substantially higher vertic
encourage groundwater to
In the upper part of the fr
vertical movement of grou
natural conditions. 

Depending on the width o
presence of low permeabi
overburden that acts as a 
bedding planes are likely t
permeability can be expec

 

alluvium at the site are expected to have a r
vertical leakance between the alluvium and c
arameter for analysis of reduction in dischar
ng that there are no other significant dischar
ties to impact upon, and hence vertical leaka
ing, not the magnitude, of impacts upon this

s not considered to form a lateral barrier to g
geologists’ interpretation of this structure as
lt across which the coal measures have been
The feature appears to provide at least locali
flux from the Wittingham Coal Measures up t
1989). 

n Overlying Strata 

he permeability of caved overlying strata has
ing and groundwater modelling gained to da
the most recent research available for subsid

literature that there will be a sequence of de
described as: 

e, consisting of:  

ne of connective-cracking; and 

one of disconnected-cracking; 

one; and 

ve-cracking part of the fractured zone will ha
al permeability than the undisturbed host ro
o move out of rock storage downwards towa
actured zone, where disconnected-cracking 
undwater should not be significantly greater 

of the longwall panels and the depth of minin
ility lithologies, there will be a constrained zo
bridge. Rock layers are likely to sag without 

to open. As a result, some increase in horizon
cted.  
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dence impacts 

eformational 
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In the surface zone, near-s
the edges of a subsidence
transitory, and any loss of
towards the goaf.  

The strata movements and
hydraulic and storage cha
overall increase in rock pe
to actual drainage of wate
without drainage of water

At the base of the fracture
atmospheric pressure. 

Mine Subsidence Enginee
review of reported "fractu
combined height of conne
values shows that the med
has adopted 0.6 as the rat
zone. As the reported heig
disconnected-cracking hei
noted that adoption of the
result in a height of conne
the implementation of the
Section 3.5. 

The EIS Groundwater Asse
height of connective-crack
and review of recorded va

 

 
 

 

surface fracturing can occur due to horizonta
 trough. Fracturing will be shallow (<20 m), o

f water into the cracks will not continue dow

d deformation that accompany subsidence w
racteristics of aquifers and aquitards. As the

ermeability, groundwater levels will be reduc
er into the goaf or by a flattening of the hydr
r (in accordance with Darcy’s Law). 

ed zone, groundwater pressures will reduce t

ring Consultants (MSEC) (2009) conducted a 
ured zone" heights in NSW coal mines, includ
ective and disconnected-cracking. Analysis of
dian height is 0.6 times the longwall panel w
tio for estimating the height of the connectiv
ghts were a mixture of connective-cracking h
ights, adoption of this ratio is a conservative 
e Forster (1995) prediction methodology (Fig

ective-cracking of between 66 and 116 m.  M
e fractured zone in the numerical model is pr

essment would include further investigations
king including consideration of other predict
alues in literature. 
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Figure 5 Median An
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Figure 6 Cumulative

 

 

 

 

 

 

 

e Departure from Mean Rainfall Trends 
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Notes: Black dots = vibrating w

Figure 11 Interpolate
Glen Munro

 

ire piezometers; green lines = geological structures. 

ed hydraulic head surfaces in the vertical vic
o and Arrowfield Seams for January 2013. 

  

30 

 

cinity of the 



 

00558565 

Figure 12 Interpolate
1946) 

 

Figure 13 Hydraulic H

 

ed Watertable for the Hunter Alluvium (afte

Head Cross-Section for January 2013. 
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Figure 14 Regional G
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Figure 15 Hydraulic C

 

 

 

Conductivity Data Summary 

  

33 

 

 



 

00558565 

NOTE: Analysis conducted on 7-da

Figure 16 Monthly Flo
and Denma

NOTES: Analysis conducted on 7-d

Figure 17 Monthly Flo
and Liddell

Whilst these flow
agricultural use 
loses water dow
gains and larger
These flow losse
tributary inflows

Median Flow Loss:
Average Flow Loss:

NOTE: Several unaccoun
Martindale Ck, Saddlers
apparent net flow loss a
diversions account for s
an apparent net loss of 

 

y moving averages to remove travel time effects. 

ow Gain/Loss on the Hunter River Between 
an (1959-2013) 

ay moving averages to remove travel time effects. SW= Sur

ow Gain/Loss on the Hunter River Between 
 (1913-2013)  

w losses are in part related to surface water diversions for 
(~2ML/day; Coffey, 2013), they predominantly imply that th

wn into the underlying Hunter Alluvium, given the very small
r and more consistent losses. 
es are underestimates due to lack of accounting for small un
s (Rosebrook Ck, Muscle Ck, Ramrod Ck, Whites Ck, Quarry C

-32.9 ML/day
-30.6 ML/day

nted for tributary inflows (e.g. Sandy Ck, Wybong Ck, 
s Ck, Doyles Ck, Appletree Ck) would increase this 
along the Hunter River. As such, surface water 
some, but not all of the observed flow loss - i.e., there is 
surface water into the underlying alluvium in this area.
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Figure 18 Comparison
Water Leve

 

Downward head
Alluvium. No po

542 Average Rive
517 Median Rive
672 Average Grou
653 Median Grou

 

n of Hunter Alluvium Groundwater Level an
el 

 

d gradient from the river into the Hunter 
otential for baseflow discharge at this location.

Considering concentration of
evapotranspiration and their
groundwater flow paths in th
the EC (and groundwater leve
that the river is a dominant s
the alluvium. Significant disch
Permian porous rock aquifer 
given its average groundwat
~5000uS/cm, an order of ma
than that of the river and the

er EC (uS/cm)
r EC (uS/cm)
undwater EC (uS/cm)

undwater EC (uS/cm)
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nd Hunter River 

f salts via 
r dissolution along 
he alluvial aquifer, 
el) data indicate 

source of water to 
harge from the 
is highly unlikely 
er EC of 
gnitude higher 

e alluvial aquifer. 
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Sources: Forster (1995); New Sout

Figure 19 Conceptua

 

 
 

 

h Wales Government Department of Planning (2008). 

l Model of Longwall Mining-Induced Rock D
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3 GROUNDWATER 

3.1 MODEL SOFTWARE 

Groundwater modelling h
Basin Commission (MDBC
this is mostly a generic gu
such as coal mine modelli
sponsored by the Nationa
build on the 2001 MDBC g
conceptualisation, design,
performance and review c
new guide, there are no sp

The 2012 guide has replac
a "model confidence level
(effectively “medium conf
context. Under the 2001 m
Impact Assessment Mode
this model type as follows

“Impact Assessment mode
a better understanding of
predicting the impacts of 

Numerical modelling has b
software interface market
with MODFLOW-SURFACT
Inc. (Virginia, USA). MODF
MODFLOW code develope
McDonald, 1996). MODFL
modelling and is accepted

MODFLOW-SURFACT is a t
variably saturated flow an
aquifers without the “dry 
the dewatering of layers w
handle this to some exten
atmospheric pressure) are

The most recent derivatio
model properties through
be run within a single mod

The model complexity is a
and hydraulic gradients th
system as a result of the p

 

SIMULATION MODEL  

AND COMPLEXITY 

as been conducted in accordance with the M
) Groundwater Flow Modelling Guideline (M
ide, there are no specific guidelines on speci
ng. New National Guidelines were announce
l Water Commission (Barnett et al., 2012). T

guide, with substantial consistency in the mo
, construction and calibration principles, and
criteria, although there are differences in det
pecific guidelines on coal mine modelling. 

ced the model complexity classification of MD
l". The Project model may be classified as Cla
fidence”), which is an appropriate level for th
modelling guideline, the model is best catego
l of medium complexity. The guide (MDBC, 2

s: 

el - a moderate complexity model, requiring 
f the groundwater system dynamics, and suit
proposed developments or management po

been undertaken using the Groundwater Vist
ted by Environmental Simulations Inc. (ESI) in
T (Version 4) distributed commercially by Hyd
FLOW-SURFACT is an advanced version of the
ed by the United States Geological Survey (H
LOW is the most widely used code for ground
d as an industry standard.  

three-dimensional modelling code that is abl
nd can handle desaturation and resaturation 
cell” problems of standard MODFLOW. This 

within underground coal mines. Standard MO
nt, but model cells that are dewatered (reduc
e replaced by “dry cells”.  

on of MODFLOW-SURFACT also allows the cha
h time using the TMP package, allowing mine 
del. 

adequate for simulating contrasts in hydraulic
hat may be associated with changes to the gr
proposed development. 
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Murray-Darling 
DBC, 2001). As 
al applications 

ed in June 2012, 
hese guidelines 

odel 
 the 
tails. In the 

DBC (2001) by 
ass 2 
his project 
orised as an 
2001) describes 

more data and 
table for 
licies.” 

tas (Version 6 
n conjunction 
drogeologic, 
e popular 
arbaugh and 

dwater 

le to simulate 
of multiple 
is pertinent to 

ODFLOW can 
ced below 

anging of 
scheduling to 

c properties 
roundwater 
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3.2 MODEL LAYERS AND

The model domain is discr
and 10 layers.  Figure 20 s
extends 29.9 km from wes
of approximately 1048 km

Because this preliminary g
requires a simpler than us
model grid than might nor
This speeds up the model 
which facilitates the risk (u
width of the longwall pane
has been selected.  

The 10 model layers used 
in Table 6, and are based o

Table 6 Model Laye

Layer Lithology 

1 Alluvium and  
Colluvium/Regolith 

2 Permian (Whybrow) 
Overburden 

3 Whybrow Seam 

4 Whybrow-Whynot 
Interburden 

5 Whynot Seam 

6 Whynot-Bowfield 
Interburden 

7 Bowfield Seam 

8 Bowfield-Warkworth 
Interburden 

9 Warkworth Seam 

10* Permian  Underburden 

* This layer defined based on deepe
lower portions of the Jerrys Plains 

 

D GEOMETRY 

retised into 90,640 cells comprising 103 rows
shows the extent of the groundwater model d
st to east and 35 km from south to north, cov

m2.  

groundwater assessment is for the Gateway p
sual modelling approach, a laterally- and vert
rmally be chosen, say for an EIS assessment, 
build and model run components of this ass

uncertainty) assessment approach. Based on
els at the Project (340 metres), a uniform gri

to represent the regional stratigraphic sectio
on the conceptual hydrogeology described in

er Assignment 

Median 
Thickness 

(m) 
Lumped Units 

20 Deep and shallow alluvials 

108 Denman Formation, Newcastle Coal M

2.2  

86 Redbank Ck and Wambo seams and in

3  

202 Blakefield, Saxonvale, Glen Munro, W
and interburden; Milbrodale Formatio
and interburden 

1.3  

26  

2.8  

174 Fairford Formation; Mt Arthur, Pierce
Bayswater and Ravensworth seams an
Archerfield Sandstone; Bulga Formati
Lemington-Wynn, Pikes Gully-Bengall
Arties-Edenglassie, Liddell-Ramroad C
interburden. 

st seam mined at Mt Arthur (Ramrod Ck). It comprises most of the 
Subgroup. 
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s, 88 columns 
domain, which 
vering an area 

process, which 
tically-coarser 
has been used. 
essment, 

n the proposed 
d size of 340 m 

on are outlined 
n Section 2.  

Measures 

nterburden 

Woodlands Hill seams 
on, Arrowfield seam 

efield, Vaux, Broonie, 
nd interburden; 
on; 
a, 

Ck seams and 

Vane Subgroup, and 
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Geological surface inform
available reports where po
exploration licence area, g
resource model. The coars
accompanying notes of th
used in constructing the m
the Vane Subgroup, and th

The subcrop mapping of t
Department of Mineral Re
subsurface extent of each

The 25 m resolution SHM 
modelled land surface. 

The depth of Hunter Alluv
presented in Section 2, in 
NOW bore data. The dept
coring exploration data fro
information from surroun

The thickness of each mod
licence geological model’s

Minimum model layer thic
layer 1, which was assigne
layers are fully present ac
inactive, such as up-dip fro
of the model domain as a 
the first ‘active’ underlyin
layer to represent a single
hydrogeological units can 

The resulting modelled ge

A representative east-wes
6412490 (GDA94 Zone 55

The model domain has be
boundary effects on mode
groundwater environmen
beyond the subcrop trace
Project and/or surroundin

 

 

ation from surrounding mines was extracted
ossible (AGE, 2012; AGE, 2013; MER, 2006). W
geological surfaces were extracted from the S
se regional scale geological surface mapping 
e Hunter Coalfield Geological Map (Beckett, 

modelled geological surfaces; these comprise
he floor of the Newcastle Coal Measures. 

he 1:100,000 scale Hunter Coalfield Geologic
esources [DMR], 1993) was used to constrain
 modelled hydrostratigraphic unit. 

Digital Elevation Model (DEM) was used to d

vium (layer 1) was estimated using the inform
conjunction with that from surrounding min
h of regolith (also layer 1) was estimated usi
om the exploration licence area, in conjuncti
ding mines reports. 

delled coal seam was extrapolated from the 
s median seam thickness data. 

ckness was set to 1 m for all layers, with the 
ed a minimum thickness of 10 m. It should be
ross the active model area. Where a layer be
om its subcrop, the layer has been extended
1 m thick ‘dummy’ layer, which has the sam
g layer that exists in that area. This approach

e hydrogeological unit, so that impacts on spe
be readily extracted from the model output 

eological surfaces are presented in Attachme

st model cross-section is presented in Figure 
) (model row 52) passing through the Project

een designed to be large enough to prevent s
el outcomes associated with mining-related s
t as a result of mining at the Project. The mo
 of the deepest coal seam that is likely to be 

ng mines in the future. 
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d from publicly 
Within the 
SHM geological 
in the 
1988) was also 

ed the floor of 

cal Map (NSW 
n the 

define the 

mation 
es reports, and 
ng start of 
on with 

exploration 

exception of 
e noted that all 
ecomes 
 across the rest 
e properties as 

h allows each 
ecific 
files. 

nt A.  

21 for northing 
t area.  

significant 
stress on the 

odel extends 
mined by the 
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3.3 BOUNDARY CONDIT

The model domain and bo
incorporate any potential 
adversely affected by min
modelled boundary condit

3.3.1 Watercourses 

Creeks and rivers through
Stream Flow Routing (SFR
routes accumulated strea
catchment outlets. It can a
watercourses. It is also ca
equation, which was emp
assumption (Manning’s n 
calibration to median wat

For this Project’s steady-st
routed down the Hunter R
356 ML/day), and down th
104 ML/day). In the transi
flows were routed down t
tributaries, only accumula
dynamically based on sim
model run. 

Stream bed hydraulic cond
thicknesses were set to 0.
simulated baseflows to str
the model is not significan
to 0.1 m/day or 0.01 m/da
alluvial aquifer, which is in
and conceptualisation pre

Stream channel widths we
Goulburn River, and 2 m in
imagery and field inspecti

Stream bed elevations we
within each 340 m ground

 

 

TIONS 

oundaries shown in Figure 20 have been sele
receptors (i.e. surface water bodies) that co
ing. Following is detailed information on eac
tions. 

out the model domain were modelled using 
1) package (Prudic et al., 2004). This bounda
m flows down the stream network from head
also simulate extractions from and discharge
pable of simulating stream stage dynamics u
loyed in this case using a wide rectangular ch
was set to a constant value of 6.25E-7 days/
er depth data on the Hunter River).  

tate models, gauged median daily stream flo
River (from Muswellbrook Bridge gauge 2100
he Goulburn River (from Sandy Hollow gauge
ient verification model (Section 3.9), gauged 
these rivers for each modelled monthly stres
ated baseflow was routed down these stream
ulated groundwater levels and stream stages

ductivity was conservatively set to 1 m/day a
1 m. Sensitivity analysis of the model calibra
ream bed conductivity was conducted, which
ntly sensitive to varying this parameter from 
ay. The Hunter River remained a key source o
n agreement with the data analysis, independ
esented in Section 2. 

ere set to 20 m along the Hunter River, 10 m 
n all other streams. These values were based
on. 

ere parameterised as the minimum value of t
dwater model grid cell. 
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cted to 
uld be 

ch of the 

MODFLOW’s 
ry condition 
dwaters to 

es to 
sing Manning’s 

hannel 
m, based on 

ows were 
002; 
e 210031; 
average daily 
s period. For all 

ms, as defined 
s during each 

and stream bed 
tion and 

h showed that 
1 m/day down 
of water to the 
dent studies 

along the 
d on aerial 

he 25 m DEM 
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3.3.2 Recharge 

Recharge to the groundwa
over a range of zones base
slope. For the transient ve
value was distributed in ti
cumulative departure from
This results in a reflection 

For the alluvium, this proc
recharge rate for the alluv
bore hydrograph analysis 
recharge (approximately 3
calibration, and agrees we
recharge was set to nil. Tr
between the specified min
on the 5-year sliding avera
minimum and maximum s
the interpolated annual re
year according to the tota
rainfall. 

Modelled transient rechar
approach, but values were
average annual recharge f

3.3.3 Evapotranspiration 

The MODFLOW Evapotran
from the groundwater sys
Maximum potential rates 
estimated actual evapotra
evapotranspiration from t
configuration. For the tran
months according to the a
Table 4. 

3.3.4 Surrounding Hydros

Areas of the edge of the m
in the west, north and sou
(GHBs). This allows for gro
flow into and/or out of th
conductance. 

 

 

ater system was used as a model calibration 
ed on geological outcrop and subcrop, and to
erification model, the calibrated steady-state
me (across stress periods) using the sliding 5

m mean rainfall trend for Denman presented
of transient soil moisture deficit and recharg

cess was as follows. The typical maximum mo
vium was estimated as approximately 55 mm
of NOW monitoring bore GW080077. The av

31 mm/year) was estimated via steady-state 
ell with the estimate of Section 2.7. Minimum
ransient annual recharge was then linearly in
nimum and maximum modelled values for ea
age cumulative departure from mean rainfal
sliding average value of the full historical data
echarge rates were distributed across the mo
al monthly rainfall as a proportion of the tota

rge for all other recharge zones followed the
e scaled according to the calibrated steady-st
for each zone. 

nspiration package was used to simulate evap
stem. Extinction depths were set to 2 m below
were set to 500 mm/year, which is below th

anspiration rates for the area (650 mm/year)
the unsaturated zone, which is neglected in t
nsient verification model this value was distr
average monthly potential evaporation profil

stratigraphic Units 

model domain where modelled HSUs were ac
uth) were assigned as MODFLOW General He
oundwater flow down-basin. GHBs simulate g
e model domain according to a specified hea
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parameter 
opographic 

e recharge 
5-year average 
d in Figure 6. 
ge lag effects. 

odelled 
m/year through 
verage 
model 

m annual 
terpolated 
ach year based 
l relative to the 
a set. Finally, 
onths of each 
l annual 

 same 
tate model’s 

potranspiration 
w ground. 
e BoM’s 
, to account for 

this model 
ibuted across 
le presented in 

ctive (primarily 
ead Boundaries 
groundwater 
ad and 
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Specified GHB heads were
steady-state heads. GHB c
(thicknesses and widths), 
the assumption of a 1 m le
1.6 square metres per day
two standard deviations o

3.3.5 Groundwater Use 

Existing registered NOW g
(Section 2.6.1; GES, 2013) 
package. These are shown
of licensed rates as obtain
domestic bores. 

3.3.6 No Flow Boundaries

The northeastern corner o
pinch out, and older units 

3.3.7 Mine Workings 

The proposed Project und
the predictive models usin
Modelled drain elevations
These drain cells were app
through annual or coarser
Section 4.1 for further det
applied. 

Hydraulic parameters wer
fractured zones directly af
details), whilst simultaneo
headings. The developme
the active mining and sub
be dominated by the drain
were raised to 10 m/day t
the caved zone (see Sectio

Although surrounding min
assessment for the Gatew
conservatively estimate cu
Section 3.7.3). 

 

 

e iteratively assigned based on the calibrated
conductances were assigned based on cell di
calibrated hydraulic conductivities of each m
ength dimension. As such, conductance value
y (m2/day), and ranged from 0.006 to 377 m2

of the mean (calculated on a log base 10 scale

groundwater bores and those of the Project b
were included in the model using the Fractu

n in Figure 7 and Figure 20. Rates were assum
ned directly from NOW, and 1 ML/year for sto

s 

of the model was inactivated where the 10 m
are at outcrop. 

derground mining and dewatering activity wa
ng MODFLOW Drain cells within the mined co
s were set to 0.1 m above the base of each w
plied wherever workings occur, and were pro
r temporal increments in the transient mode
tails). A drain conductance value of 1000 m2/

re also changed with time in the goaf and ove
fter mining of each longwall panel (see Sectio
ously activating drain cells along advancing de
nt headings were activated one stress period
sequent subsidence. Although the coal seam
n mechanism, the horizontal and vertical per
to simulate the highly disturbed nature of ma
on 2.7).  

nes were not modelled for this preliminary gr
way process, the principle of superposition wa
umulative impacts of all mines, including the

 

  

42 

d model’s 
mensions 

model layer, and 
es averaged 

2/day within 
e). 

bore census 
ure Well (FWL4) 
med to be 50% 
ock and 

modelled HSUs 

as defined in 
oal seams. 

worked seam. 
ogressed 
l setup (see 

/day was 

erlying 
on 3.5  for 
evelopment 
d in advance of 

m void should 
rmeabilities 
aterials within 

roundwater 
as used to 
 Project (see 
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3.4 HYDRAULIC PROPER

The modelled hydraulic zo
geological) model. The dis
shown in Attachment B. 

The coal measures were c
vertical hydraulic gradient
represent the various targ
detail in keeping with this 
Gateway process (see Tab

Previous studies and inves
packer testing data collect
hydraulic property parame
for the coal seams and int

The hydraulic properties i
various stratigraphic units
based on a combination o
of surrounding mines’ mo
steady-state calibration pr
properties reflect the mea
discussed in Section 2.6.3.
verification. 

Table 7 Indicative H

Lay

1 Alluvium 

1 Colluvium / Regolith 

2 Permian (Whybrow) Over
(Denman Formation / New

3 Whybrow Seam 

4 Whybrow Seam – Whynot

5 Whynot Seam 

6 Whynot Seam – Bowfield 

7 Bowfield Seam 

8 Bowfield Seam – Warkwo

9 Warkworth Seam 

10 Permian Underburden (in

 

 

RTIES 

ones and values are reflective of the concept
stributions of hydraulic properties in each mo

coarsely split into multiple layers in recognitio
t through the stratigraphic column and the n
get coal seams as separate model layers, but 
 simple preliminary groundwater assessment

ble 6). 

stigations within the region, in conjunction w
ted for the Project, provided the initial basis 
eters used within the modelling component 
terburden. 

n Table 7 are indicative hydraulic conductivit
s incorporated into the groundwater model. T
of the measured data and the calibration para

dels. Although automated sensitivity was use
rocess, care was taken to ensure that the hyd
asured and estimated ranges for each of the 
. These values were subsequently checked d

Hydraulic Properties of Stratigraphic Units 

yer Zone Kx (m/d

101 8.0 

102 0.1 

burden  
wcastle Coal Measures) 

2 1.0E-04

3 2.5E-0

t Seam Interburden 4 1.0E-4

5 1.2E-3

Seam Interburden 6 1.0E-4

7 1.5E-3

rth Seam Interburden 8 1.0E-4

9 2.5E-3

cluding Vane subgroup) 10 1.0E-4
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ual (and 
odel layer are 

on of the 
eed to 
to a level of 
t for the 

with core and 
for chosen 
of this Project 

ties for the 
These were 
ameterisations 
ed in the 
draulic 
strata types, as 
uring transient 

ay) Kz (m/day) 

0.03 

1.0E-02 

4 5.0E-06 

3 1.5E-05 

4 2.0E-06 

3 1.3E-05 

4 5.0E-06 

3 1.5E-05 

4 2.5E-06 

3 1.5E-05 

4 7.0E-07 
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3.5 DEFORMATION OF O

Section 2.7 provides backg
mining on the properties o

3.5.1  Model Simulation 

The layer definition within
represented individually. A
seam in the model. Becau
flexibility in the model to s
that the impact of progres
adequately represented.  

The Project longwall pane
the height of connective c
width) but could range fro
of void width). As the med
seam across the proposed
ground surface over signif
height of 120 m, up to 5%
height of 240 m. Increases
in the Project’s numerical 
and Newcastle Coal Meas
been applied in the regolit

The deformation of overly
conductivity enhanced by 
mined zones). Vertical hyd
monotonic (ramp) functio
field within the deformati
permeability changes on l
predicted fracture height 
conductivity in the fractur
in Table 8. Note that these
values. 

The permeability of the m
also increased with a unifo
values being applied. 

 

OVERLYING STRATA 

ground and conceptual information on the im
of overlying strata. 

n the model has allowed each mined coal sea
A single layer of interburden separates each 
se the target coal seams begin in model laye
simulate the fractured zone to various heigh
ssive caving and fracturing associated with th

els are 305 m void width (340 m including pill
cracking was assumed to be about 180 m (60
om about 120 m (40% of void width) to abou
dian depth of cover for the shallowest mined
d mining area is 213 m, fracturing is unlikely t
ficant areas: 0% of the mined area assuming 
 assuming a height of 180 m, and up to 69% 
s in vertical and horizontal permeability have
modelling up to and including Layer 2 (Denm
ures).  A zone of increased horizontal perme
th (Layer 1) over the mined areas. 

ying strata was simulated with horizontal hyd
a factor of two (or to 10 m/day within the ca

draulic conductivity was enhanced according
on. The function varied the vertical hydraulic 

on zone overlying coal extraction areas and w
ayer thickness. Limits for the variability were
and assigned upper and lower bounds on hy

red zone. Assigned fractured zone properties
e were calculated from calibrated model hos

model layer directly beneath underground min
orm increase in vertical hydraulic conductivit
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mpact of 

am to be 
target coal 

er 5, there is 
ts. This ensures 

he mining is 

ars), and hence 
% of void 
t 240 m (80% 

d (Whynot) 
to reach 
a fracture 
assuming a 

e been applied 
man Formation 
ability has 

draulic 
aved and 

g to a log-linear 
conductivity 
weighted the 
e governed by 
draulic 

s are presented 
st parameter 

ned areas was 
ty of 3 x host 
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Table 8 Calibrated Host Hydraulic Proper

Layer Zone 

1 Alluvium 101 

1 Regolith 102 

2 Permian overburden (Denman  
Fm/Newcastle Coal Measures) 

2 

3 Whybrow Seam 3 

4 Whybrow Seam – Whynot Seam 
interburden 

4 

5 Whynot Seam 5 

6 Whynot Seam – Bowfield Seam 
interburden 

6 

7 Bowfield Seam 7 

8 Bowfield Seam – Warkworth Seam 
interburden 

8 

9 Warkworth Seam 9 

10 Permian underburden (including 
Vane subgroup) 

10 

  

rties and Modelled Hydraulic Properties within the Mined Are

Host Kx  
(m/day) 

Max Deformed Kx 
(m/day) 

Host Kz  
(m/day) 

Max Deform
(m/da

4.3 N/A 2.5E-02 N/A

1 2.0E+00 6.2E-04 N/A

1.0E-04 2.0E-04 4.7E-06 1.4E-0

2.3E-04 4.7E-04 8.3E-06 8.7E-0

7.7E-04 1.5E-03 1.5E-04 2.0E-0

1.0E-04 1.0E+01 1.7E-06 1.0E+0

1.0E-05 2.0E-05 3.3E-06 9.8E-0

1.4E-03 1.0E+01 4.3E-04 1.0E+0

1.0E-05 1.0E+01 2.3E-06 1.0E+0

3.4E-02 1.0E+01 9.9E-05 1.0E+0

7.5E-05 8.8E-05 1.3E-06 4.0E-0

45

eas 

med Kz 
y) 

Host Sy Deformed Sy 

0.15 N/A 

0.1 N/A 

05 0.01 N/A 

05 0.05 N/A 

04 0.01 0.03 

01 0.05 0.1 

06 0.01 0.01 

01 0.05 0.1 

01 0.01 0.06 

01 0.05 0.1 

06 0.005 N/A 
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Similarly, horizontal hydra
by a factor of 2 x the host 
upper 30 m of underlying 
weighted accordingly.  

Storage properties (Sy) we
longwalls. For the layers a
the extension of the rock 
subsidence above each lo
equal to 10 x the mined se
Sy) was assigned to the ov
host porosities of the cave
zone properties are prese
calibrated model host par

For the deformation of str
changed using HSU zonati
varying property values w
properties in accordance w
HSU zoning feature. 

Further investigations into
on hydraulic properties w

3.6 MODEL VARIANTS 

Both steady-state and tran
assessment as summarise

 Steady-state mode
observed pre-mini
transient model st

 An additional 179 
for predictive mod
groundwater asses

 Transient verificati
Verification agains

 180 transient pred
and 1000 years po

 

 

aulic conductivities of the underlying layer we
values. The assumption was made that this o
rock, and as such the conductivity increase w

ere also increased in the coal seam layer to 1
above each mined coal seam Sy was increase
mass and increase in porosity due to caving-
ngwall panel. Caving was assumed to occur o
eam thickness, and the resulting increase in p
verlying layer by thickness-weighting the defo
ed and host zones, respectively. The assigned
nted in Table 8. Note that these were calcula

rameter values. 

rata during the prediction period, the proper
on and the TMP package of SURFACT 4 whic

with time. Fracturing was instigated by alterin
with mine progression using a ratio multiplie

o the impact of mining on the properties of o
ould be conducted as part of the EIS process

nsient models were developed for use in this
d below: 

el of pre-mining conditions: Calibration again
ng groundwater levels. This model was used
arting heads;  

calibrated steady-state models, as discussed
delling and uncertainty analysis in this prelim
ssment for the Gateway process; 

ion model (pre-mining; January 2001 – April 
st the groundwater hydrographs in Attachme

dictive models extending to the end of mining
st-mining recovery. 
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ere increased 
only affects the 
was thickness-

10% for the 
d according to 
induced 

over a height 
porosity (and 
ormed and 
d fractured 
ated from 

rties were 
h allows 
g host 

er within the 

overlying strata 
s. 

s groundwater 

nst the 
 to formulate 

 in Section 3.8, 
inary 

2013). 
ent C; and 

g (22 years), 
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3.7 STEADY-STATE CALI

3.7.1 Approach 

Steady-state (or baseline ‘
model calibration process
state model was calibrate
the vibrating wire piezom
census data collected spec
publicly available reports f
2012; AGE, 2013), NOW m
drilling water level record
the latest record was sele
piezometers appear to sti

The calibration data set co
targets. The model was ca
(PEST; Doherty, 2010) and
Greater weight was placed
piezometer data from EL7
monitoring bore data. Com
water levels. 

3.7.2 Results 

Steady-state head calibrat
Mean Square (SRMS; Tabl
MDBC flow model guidelin
Modelling Guidelines (Bar
targets but note that "Tar
useful guides". The vast m
observed values, and 40%
in the modelled groundwa

Table 9 Steady-Sta

Pe

Number of 

Number of 

Root Mean 

Scaled Root

 

 

 

BRATION 

‘long term’) calibration was carried out as th
 for this preliminary groundwater assessmen
d to groundwater levels from a variety of sou
eters installed for the Project in 2012 (Sectio
cifically for the Project, pre-mining calibratio
for nearby mines (Drayton South and Mt Art

monitoring bores (active and inactive), and NO
s. In the case of the vibrating wire piezomete
cted for steady-state calibration, because sev
ll be equilibrating.  

omprised 103 head targets and 111 vertical h
alibrated using a combination of auto-sensitiv
d manual modification of zones and model pa
d on what were considered reliable vibrating

7429, the Project bore census data, and on th
mparatively low weights were placed on the 

tion performance is good (Figure 22a) at 5.5%
e 9), which is below the target 10% SRMS su
ne (MDBC, 2001). The 2012 Australian Groun
rnett et al., 2012) warn against prescriptive p
rgets such as SRMS < 5% or SRMS < 10% ... m

majority of calibrated model heads were with
% were within 5 m (Figure 22b). There is no sig
ater levels. 

te Head Calibration Statistics 

erformance Statistic Value 

Observation Bores 103 

Data Points 103 

Square (m) 8.2 

t Mean Square (SRMS) (%) 5.5 
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e primary 
nt. The steady-
urces including 

on 2.6), bore 
on data from 

hur; AGE, 
OW time of 
ers on EL7429, 
veral of these 

head difference 
vity analysis 
arameters. 
g wire 
he NOW 
time of drilling 

% Scaled Root 
ggested in the 

ndwater 
performance 
ay provide 
in 10 m of 
gnificant bias 
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Figure 23 presents the cal
calibration error (“Bore GW
the head calibration is bet
of the Drayton South mine
mining lease to the northe
boundary. This issue could
observed water level data

Although vertical head dif
was not able to reproduce
factors: 

 The accuracy of th

 The ongoing equili

 The lumping of mu
layers, particularly
piezometers target
and hence the mod
head differences. T
more detailed mod

3.7.3 Steady-State Model

Modelled mass balance er
acceptable range. 

There are multiple opport
the groundwater system. 

 Baseflow to and le
Routing cells in MO

 Outflow / inflow to
MODFLOW);  

 Evapotranspiration
Evapotranspiration

 Groundwater use (

In addition to the water b
workings also extract grou
this preliminary groundwa
principle of superposition 
Whilst superposition is no
aquifers, it provides a sim

 

ibrated model water table, and a map of the
WL Residual”) throughout the model domain
tter within the alluvials, the EL7429 area, and
e to the east. Head errors increase within the
east, and to the south of this area along the e
d be due to historical and ongoing mining im
a in these areas. 

fferences were used as supplementary target
e the values accurately, due probably to the f

e vertical position of the vibrating wire piezo

bration of the piezometers; and 

ultiple seam and interburden units within sin
y layers 4 and 6 (see Table 6). The vibrating w
t a number of these lumped seams and inter
del cannot be expected to simulate the obse
This could be improved in subsequent EIS mo
del layer stratification.  

l Water Balance 

rror was good at less than 1%, which is within

tunities for groundwater to discharge from a
Those implemented in the model include:  

eakage from streams (represented by the Stre
ODFLOW);  

o / from down-basin (represented by Genera

n from shallow groundwater (represented by
n cells in MODFLOW); and 

(represented by Fracture Wells in MODFLOW

alance components described above, existin
undwater from the system. These were not s
ater assessment for the Gateway process, be
was used to assess the cumulative impacts o

ot strictly valid in non-linear systems such as u
ple means of assessing cumulative impacts o
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e head 
n. In general, 
d in the vicinity 
e Mt Arthur 
eastern model 
pacts on the 

ts, the model 
following 

ometers; 

gle model 
wire 
rburden units, 
erved vertical 
odelling with 

n the typically 

nd recharge to 

eam Flow 

al Heads in 

y 

W). 

g nearby mine 
simulated in 
ecause the 
of all mines. 
unconfined 

of neighbouring 
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mines, which is in keeping
process. 

The water balance for the
area is summarised in Tab
approximately 55 ML/day
streams into the aquifer (6

Groundwater discharge is 
remainder discharge via b
(3%). This finding supports
systems (see Sections 2.6.

Table 10 Calibrated 

Compo

Recharge (Direct Rain

ET (Evapotranspiratio

Wells 

Streams (Leakage/Ba

Head Dependent  Bou

Total 

 

3.8 ALTERNATIVE STEAD

For the purposes of uncer
calibrated steady-state mo
2010) was used to genera
parameter sets were gene
optimal calibrated parame
200 random model realisa
PEST optimisation code. 

Of the 200 random model
be used in the predictive m
possessed SRMS head cali
optimal calibration, but st

Hence, a total of 180 calib
modelling and uncertainty
the Gateway process. 

 

g with the simple modelling required of the G

 steady-state calibration model across the en
ble 10. The total inflow (recharge) to the aqui
, comprising rainfall recharge (35%), and leak
65%). Boundary inflow is negligible.  

dominated by evapotranspiration (72%), wit
bores (25%) and insignificant baseflow discha
s conceptualisation of streams being primari
.4 and 2.7). 

Steady-State Water Balance 

onent Inflow (ML/day) Outflow (M

nfall) 19.0 - 

on) - 39.7

- 13.8

seflow) 35.8 1.8

undary (GHB) 0.04 0.1

54.8 55.3

DY-STATE MODEL REALISATIONS 

rtainty analysis of predictive model results, 20
odels were developed. PEST’s RANDPAR utili
te 200 random parameter sets for the mode

erated within one order of magnitude either 
eter values discussed in Section 3.7 and 3.10
ations was then recalibrated using two iterat

l realisations, 179 were considered sufficient
model uncertainty analysis. Each of these 179
ibration statistics of less than 10% - not as ‘go
till reasonably well calibrated models. 

brated models have been developed for pred
y analysis in this preliminary groundwater ass
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Gateway 

ntire model 
ifer system is 
kage from 

th much of the 
rge to streams 
ly losing 

ML/day) 

7 

8 

8 

1 

3 

00 additional 
ty (Doherty, 
l. The random 
side of the 
. Each of these 
ions of the 

tly calibrated to 
9 realisations 
ood’ as the 

dictive 
sessment for 
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3.9 TRANSIENT VERIFIC

Transient verification agai
monitoring bores marked 
primarily to check that ass
modelled and observed hy
aquifer storage properties
observed data. 

The simulated seasonal flu
monitoring bores is gener
bore GW080077 in the Hu
due to the use of a single 
actual localised aquifer pr
not be adequately simulat
fluctuation to simulated st
insensitive, which suggest
and/or recharge variability
EIS modelling. 

Simulated vibrating wire p
whereas some of the obse
non-natural however, and
recent installation (in late 

3.10 CALIBRATED MODE

Calibrated model paramet
horizontal hydraulic condu
presented in Table 7, altho
exceptions to this trend ar
Seam, which have risen du
hydraulic conductivities, m
exceptions to this being in
and Seam, and the Bowfie

The general trend towards
permeability data (Figure 
the dominant regional flow

 

 

ATION 

inst observed groundwater levels was carried
on Figure 7 for the period January 2001 to A

signed storage parameters were reasonable.
ydrographs is presented in Attachment C. Th
s were considered sufficiently well verified ag

uctuations in groundwater levels in the NOW
ally well calibrated, although the observed fl

unter alluvium should be larger. This latter po
aquifer property zone for the alluvials, in the

roperty variability. Alternatively, recharge var
ted. The sensitivity of this simulated bore hyd
tream stage dynamics was tested and found 
ts that the cause is local aquifer property, gro
y. This could be investigated and improved in

piezometer pressures within the lease area a
erved data exhibit fluctuations. These are con
d are likely the result of piezometer equilibra

2012). 

L PARAMETERS 

ters are presented in Table 8 and Figure 24. I
uctivities, most are comparable to the startin
ough they have generally fallen during calibr
re the regolith, Whynot overburden and the 
uring calibration. A similar pattern is seen for
most of which have fallen during calibration, 
ncreased calibrated conductivity of the Whyn
eld and Warkworth Seams. 

s lower conductivities is in agreement with t
15), and suggests that the rock matrix perme
w controls, rather than fracture permeabiliti
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d out for the 
April 2013, 

 Comparison of 
e assigned 
gainst the 

W alluvial 
luctuations in 
oint could be 
e context of 
riability may 
drograph 
to be 

oundwater use, 
n subsequent 

re flat, 
nsidered 
tion given their 

In terms of 
ng values 
ration. Notable 
Warkworth 

r vertical 
the notable 

not overburden 

he core 
eabilities form 
es. 
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Calibrated recharge rates 
the alluvium, and generall
outcrop. These values are
groundwater levels in the 
short available record for 
agreement with the obser
versus the lower salinity o

3.10.1 Calibration Sensitiv

Figure 25 presents the sen
models, as determined by
calibration to regolith hyd
and vertical hydraulic con
addition to recharge. The 
hydraulic properties of the
third most sensitive param
Warkworth overburden p

 
 
 

 

are approximately 30 mm/year (around 5% o
ly around 2-3 mm/year (<1% of rainfall) to th
 in agreement with the observed fluctuation
alluvium, and the lack of seasonal trends ob
the Permian units (see Section 2.7). They are

rved higher salinity of groundwater in the Pe
of the alluvium (see Section 2.6.2). 

vity Analysis 

nsitivity of all model parameters used to calib
y PEST (Doherty, 2010). It is clear that the sen
draulic conductivity is greatest, followed by th
ductivities of the interburden and underburd
model is relatively insensitive to the majority
e seams, the exception being the Warkworth

meter). Conversely, the model is relatively ins
roperties. 
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of rainfall) to 
he Permian 
s in 

bserved in the 
e also in 
rmian units 

brate the 
nsitivity of the 
he horizontal 
den units, in 
y of the 

h Seam (the 
sensitive to the 
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Results from model run: SHv02SS010

Summary of model calibration Figure 22
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Notes: Parameters from Model run: shv02ss005 D:\Heritage\Spur_Hill\GWModel\SHv02SS\Processing\[SHv2SS005_FinalCalibratedParameters_V2.xlsx]CHART_params

'Steeper / flatter' slope areas defined as >5% rise or <=5% rise, using the hydrologically‐forced DEM

Modelled hydrogeological parameters Figure 24
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Notes: senstivities calculated by PEST: shv02ss003.sen__OPT.5 D:\HydroSim\SHC002\GWModel\SHv02SS\Processing\[PEST_ParameterTable_Vistas_Sensitivity.xlsx]Figure 25

Kx = horizontal hydraulic conductivity; Kz = vertical hydraulic conductivity; rech = recharge

'Steeper / flatter' slope areas defined as >5% rise or <=5% rise, using the hydrologically‐forced DEM

Model Calibration Sensitivity Analysis Figure 25
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